INTRODUCTION {#s1}
============

Contractures, which include the skin, skeletal muscle, tendon, and joint capsule, result in a decrease of joint range of motion (ROM)[@r1], [@r2]^)^ and are caused by joint immobilization[@r1],[@r2],[@r3],[@r4]^)^. It has been reported that skeletal muscles particularly participate in contractures more than other tissues[@r1]^)^. Collagen fiber, which is the main structural protein in several tissues, is also present in skeletal muscle and is classified by several types of function and structure[@r5]^)^ In particular, Type I and Type III collagen fibers are the primary isoforms of skeletal muscle[@r5],[@r6],[@r7]^)^. It has been reported that collagen fibers in skeletal muscle increase with joint immobilization, and an increase in collagen fibers causes an increase in the degree of contractures[@r3], [@r4]^)^.

Experiments related to contractures are often conducted with animals[@r1],[@r2],[@r3],[@r4]^)^. To generate contractures, joint fixation using a cast is performed in experiments with animals[@r1],[@r2],[@r3],[@r4]^)^. In recent years a combination of joint fixation and hindlimb unloading also causes contractures similar to only joint fixation and are thought to be close to bed rest-causes contractures clinically[@r8]^)^. However it has been found that contractures caused by a combination of joint fixation and hindlimb unloading tend to increase as compared with that of only joint fixation, but the causing factor is not clear. We hypothesized that the factor involves the collagen fibers. Collagen isoforms are thought to affect the mechanical properties of muscle. Type I collagen is generally related to tissue stiffness (i.e., resistance to stretch), whereas the abundance of Type III collagen correlates with tissue compliance (i.e., ability to elongate readily). Therefore, the muscle collagen may be analyzed separately divided into type I and III collagen. The purpose of this study was to determine whether collagen fibers cause a difference in contractures from a combination of joint fixation and hindlimb unloading than from only joint fixation.

SUBJECTS AND METHODS {#s2}
====================

Twenty-one female 8-week-old Wistar rats with a body weight of 247.2 ± 7.7 g (mean ± SD) were used. The animals were housed in a temperature-controlled room at 23°C on a 12 h light-dark cycle and were given free access to standard rat food and water. This study was performed according to the Regulations on Animal Experiments of the Animal Experiments Committee (Approval Number: 13 MA 006).

All of the rats were divided into 3 groups as follows: Control Group (CON, n=7), Joint Fixation Group (JF, n=7), Hindlimb Unloading Group (HU, n=7), and Joint Fixation Plus Hindlimb Unloading Group (JF+HU, n=7). The same animals were used for the HU (left hindlimb) and JF+HU (right hindlimb). The experimental period was one week. Under pentobarbital sodium (40 mg/kg), joint fixation was applied to JF and JF+HU by fixing the right ankle joint of rats in full plantar flexion with a non-elastic tape. Moreover, hindlimb unloading was applied to HU and JF+HU by suspending the tails. A 1.0 mm K-wire was inserted through the tails of JF+HU. The wire was attached to a swivel hook, and then its length was adjusted so that the hindlimb did not touch the cage bottom. The forelimbs were allowed to maintain contact with the floor of cage, with water and food access ad libitum.

ROM of ankle joint dorsiflexion was measured according to Sato et al[@r8]^)^. Briefly, after the rat was anesthetized with pentobarbital sodium (40 mg/kg), the rat was positioned on its side, and a force of 0.3 N was applied perpendicularly to the sole of the foot by a tension meter (LTS-1KA; Kyowa Electronic Instruments Co., Ltd., Japan). Then, a digital photograph was taken from directly above the hindlimb, and the angle of dorsiflexion was measured with computer software (image J 1.44p, U.S. National Institutes of Health, Bethesda, MD, USA). To eliminate forefoot movement from the measurement, the dorsiflexion ROM was defined as the angle obtained from a line parallel to the longitudinal axis of the fibula and a line parallel to the bottom of the heel. During ROM measurements, the knee joint was flexed.

The rats were sacrificed while under the pentobarbital sodium after the ROM measurements were done. The soleus muscles of the hindlimb were excised, weighed, and frozen in isopentane in liquid nitrogen. The samples were stored at −80 °C until Immunohistochemical analysis tests was done.

The stored tissues were sliced into 10-µm-thick sections using a cryostat microtome, and then washed three times for 5 min with 0.01 M phosphate buffer in saline (PBS; pH 7.4). The sections were then incubated overnight at room temperature with the primary antibodies. The primary antibodies, a mouse monoclonal anti-type I collagen (1:200; Santa Cruz Biotechnology, USA) and a rabbit polyclonal anti-type III collagen (1:200; LSL, Japan), were diluted with 0.01 M PBS and 4% Triton X-100. After being washed three times for 5 min with 0.01 PBS, the sections were incubated overnight at room temperature with secondary antibodies. The secondary antibodies, Alexa Flour-conjugated anti-mouse IgG (1:1000; Life Technologies, USA) and Hilyte Flour-conjugated anti-rabbit IgG (1:1000; Anaspec, USA), were diluted with 0.01 M PBS. Then, the sections were washed three times for 5 min with 0.01 M PBS. The sections were viewed with a fluorescence microscope (BZ-X700, KEYENCE, Japan). Data for positive areas Type I or III collagen in perimysium and endomysium in soleus muscle are expressed normalized to cross sectional area (CSA), Type I or III collagen /muscle CSA × 100 (%).

Data are expressed as means ± standard deviation. The one-way analysis of variance (ANOVA) was used for analysis of muscle wet weight, ankle joint dorsiflexion ROM and positive areas of Type I or III collagen. The Scheffe test was used for post-hoc comparison. The analyses were performed using the SPSS version 13.0 (SPSS Inc.). Significance was accepted for values of p\<0.05.

RESULTS {#s3}
=======

Body weights and relative (to body weight) soleus weights are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Body weight and muscle massBody mass\
(g)Muscle mass\
(mg)Relative muscle-to-body mass\
(mg/100 g)CON254 ± 11140.1 ± 9.455.3 ± 4.7JF242 ± 11106.8 ± 14.7\*44.0 ± 4.9\*HU239 ± 7\*97.9 ± 9.0\*41.1 ± 3.4\*JF+HU239 ± 7\*91.8 ± 8.4\*38.5 ± 3.0\*Values are means ± SD.\*p\<0.05, significant difference compared to CON. There was no significant difference among the 4 groups in body weight at the beginning of the experiment. Body weight and relative soleus weight at the end of the experiment in JF, HU and JF+HU were significantly smaller than that in CON.

Dorsiflexion ROMs are shown in [Table 2](#tbl_002){ref-type="table"}Table 2.ROM and positive area of type I and III collagenROMType I collagen (%)Type III collagen (%)CON134.2 ± 5.85.8 ± 0.836.4 ± 1.4JF92.2 ± 8.9\*9.7 ± 1.7\*43.3 ± 3.1\*HU142.8 ± 2.7†4.3 ± 1.1†40.0 ± 3.0JF+HU63.5 ± 8.9\*†‡12.1 ± 1.1\*†‡42.9 ± 4.9\*Values are means ± SD.\*p\<0.05, significant difference compared to CON. †p\<0.05, significant difference compared to JF. ‡p\<0.05, significant difference compared to HU. Mean ± SD values for dorsiflexion ROM were as follows: at the beginning of the experiment, 135.2 ± 4.4° in CON, 135.3 ± 2.9° in JF, 138.6 ± 5.1° in HU, and 136.2 ± 3.5° in JF+HU; at the end of the experiment, 134.2 ± 5.8° in CON, 92.2 ± 8.9° in JF, 142.7 ± 2.5° in HU, and 63.5 ± 8.9° in JF+HU. No significant difference was observed among the 4 groups in dorsiflexion ROM at the beginning of the experiment. Dorsiflexion ROM of JF and JF+HU at end of the experiment significantly decreased compared with CON and HU. Moreover, dorsiflexion ROM in JF+HU was significantly smaller than that in JF.

Relative data for the positive areas of Type I and III collagen in soleus muscles are shown in [Table 2](#tbl_002){ref-type="table"}. Mean ± SD values for relative Type I collagen were as follows: 5.79 ± 0.79% in CON, 9.65 ± 1.74% in JF, 4.29 ± 1.05% in HU, and 12.12 ± 1.06% in JF+HU; relative Type III collagen were as follows: 36.35 ± 1.40% in CON, 43.27 ± 3.09% in JF, 39.95 ± 2.97% in HU, and 42.90 ± 4.92% in JF+HU. Relative Type I and III collagens resulted in a significant increase in JF and JF+HU compared to CON and HU. Furthermore, relative Type I collagen in JF+HU was smaller than that in JF. However, no significant difference was observed between JF and JF+HU with regards to relative Type III collagen.

DISCUSSION {#s4}
==========

Clinically, prevention and improvement for patients with a disuse syndrome are important. Contractures, which are one condition that physical therapists often encounter with a disuse syndrome, are induced by joint immobilization[@r1],[@r2],[@r3],[@r4]^)^. Sato et al.[@r8]^)^ has reported that the degree of contracture was more pronounced in a combination of joint immobilization and hindlimb unloading as compared with only joint immobilization. Since the results of this previous study showed that contractures in JF+HU were more pronounced as compared with that in JF, the methods of this study may be considered reliable.

The effects of hindlimb unloading combined with joint immobilization on Type I and III collagens in rat soleus muscles were determined in this study. In the previous study, it had been reported that an over expression of Type I and III collagen was induced by joint immobilization for a week[@r4]^)^. In this study, with regard to the effects of immobilization on collagen synthesis, the results seen in the previous study[@r4]^)^ were also observed. However, no significant difference was observed in type III collagen between JF and JF+HU. On the other hand, Type I collagen in JF+HU was higher than that in JF. A muscle contracture from immobilization was prevented by muscle activity induced with muscular electrical stimulation during immobilization[@r9]^)^. However, in previous study, it was reported that hindlimb unloading decrease muscle activity[@r10]^)^. Therefore, it was assumed that muscle activity was lower in JF+HU than in JF, and Type I collagen was promoted more in JF+HU than JF.

Collagen isoforms are thought to affect the mechanical properties of muscle. Type I collagen is generally related to tissue stiffness (i.e., resistance to stretch), whereas the abundance of Type III collagen correlates with tissue compliance (i.e., ability to elongate readily)[@r5], [@r6]^)^. In previous study, it was reported that as the immobilization period increased, the contractures gradually became more pronounced[@r11]^)^, and Type I collagen increased up until 12 weeks^4)^. However, Type III collagen did not change after the 2 weeks of immobilization[@r4]^)^. In addition, Type III collagen increased with the muscle injury significantly but did not contribute to tensile strength[@r12]^)^. In this study, the increase of Type I collagen and contracture were significantly more pronounced in JF+HU than in JF, whereas there was no significant difference between JF and JF+HU in Type III collagen. Therefore, compared to Type I collagen, the contribution of Type III collagen to a contracture was small.

With an elongation of a joint immobilization period, contractures gradually progress[@r1], [@r4]^)^. Therefore, when studying contractures, prolonged studies are important. However, the length of this study was only one week. We suggest that a more prolonged study is necessary in the future. This study shows that the difference between a contracture caused by only joint immobilization and by a combination of joint immobilization and hindlimb unloading were significantly associated with Type I collagen. This new finding that our study provides is an advancement on the basic information for contractures. In addition, weight bearing on a lower extremity is important for preventing the progression of a contracture.
